Abstract Antidermatophytic potential of three weed plants viz. Tridax procumbens L., Capparis decidua (forsk) Edgew and Lantana camara L. were explored and experimentally induced dermatophytic lesion was topically treated in mice. Microbroth dilution method was carried out for determination of MIC and MFC of different extracts of selected plants. In animal studies, mice were experimentally inoculated with Trichophyton mentagrophytes and infected animals were topically treated with 5 mg/g terbinafine and two concentrations, i.e., 5 and 10 mg/g of test extract ointment. Complete recovery from the infection was observed on 12th day of treatment for reference drug terbinafine (5 mg/g) and 10 mg/g concentration of test extract ointment whereas 5 mg/g concentration of test extract ointment showed complete cure on 16th day of treatment. Fungal burden was also calculated by culturing skin scrapings from infected animals of different groups. Test extract ointment successfully treated induced dermatophytosis in mice without any disease recurrence incidences, thereby indicating efficacy of test extract as an excellent topical antifungal agent for the cure of dermatophytosis.
Introduction
Dermatophytosis is one of the most infectious diseases of humans, caused by invasion of stratum corneum by dermatophytic fungi viz. Trichophyton mentagrophytes, Trichophyton rubrum, Microsporum spp, Epidermophyton spp [1] and remains a common public health problem, especially in tropical countries such as India [2] . Trichophyton mentagrophytes is considered as a zoophilic and anthrophilic dermatophyte [3] [4] [5] [6] which causes hair, skin and nail infections in humans.
Disease incidences are very common with T. mentagrophytes in human beings as well as in animals. Animals can harbour dermatophytes and transmit the disease to man and other animals [7] either by direct contact with the infected host through fomites containing infected material or by exposure to environments contaminated with fungal spores [8] .
Despite the availability of new systemic antifungal therapies, dermatophytic infections are difficult to eradicate completely, with recurrence reported in up to 25-40% of cases [9] . Many antifungal synthetic drugs viz. imidazoles, butanafine and terbinafine are effective in the treatment of dermatophytosis [10] but disease recurrence, resistant dermatophytic strains and adverse effects are some drawbacks associated with popular antifungals [11] . In the present scenario plants and their products have gained more importance as a possible source of alternative and effective drugs. Because of the long history of plants in the treatment of different human ailments, most of the herbal drugs are believed to be safer than the synthetic drugs with no side effects. Plants remain as an untapped reservoir of potentially useful chemical compounds not only as drugs but also as unique templates that could serve as a starting point for synthetic analogues [12] .
Therefore in the present study antidermatophytic potential of flavonoids of three plants viz. Capparis decidua (Forsk) Edgew (capparaceae), Lantana camara L (verbenaceae) and Tridax procumbens L (asteraceae) against Trichophyton mentagrophytes (Robin) Blanchard was determined in vitro and most active extract was selected for the topical treatment of experimental dermatophytic lesion in mice model.
Materials and Methods

Flavonoid Extraction
Different parts of selected plants were taken for flavonoid extraction following the well established method [13] . Each extract was dried in vacuo and stored at 4°C in air tight vials for further use.
In vitro Antifungal Activity
Test dermatophyte T. mentagrophytes (MTCC No. 7687) was procured from IMTECH, Chandigarh (India) and maintained on Sabouraud medium at 27 ± 2°C. Minimum inhibitory concentration (MIC) was determined for each extract by 'Microbroth Dilution' method [14] . Stock solution (10 mg/ml) of each extract was prepared in acetone (inactive against test dermatophyte). Each extract was twofold serially diluted in 96 well microtiter plates, thereafter fungal suspension (inoculum size 10 6 CFU/ml) was added to each well and incubated at 27 ± 2°C for 7 days. The MIC values were taken as the lowest concentration of the extracts in the well of the microtiter plate that showed no turbidity after incubation. The turbidity of the wells in the microtiter plate was interpreted as visible growth of microorganisms. The minimum fungicidal concentration (MFC) was determined by subculturing the content of each well (Table 1) .
Infection on Mice Model
Cultures of T. mentagrophytes were subcultured on Sabouraud dextrose agar media and incubated at 27 ± 2°C. After 7 days a suspension of conidia was obtained by washing the surface of the plate with sterile distilled water. Conidial suspension was tenfold serially diluted in Sabouraud dextrose broth to bring inoculum size to 1 9 10 6 cfu/ml and conidial viability was checked by subculture [15] .
Male swiss albino mice (Mus musculus) of approximately 8 weeks old and 25-30 g weight were used for the present investigation. Mice were first immunosuppressed by subcutaneous injection of 500 lg of estradiol valerate.
Estradiol pretreatment is known to inhibit innate and acquired immune defenses [16] . After 3 days of immunosuppression flanks of mice were shaved with an electric razor and the exposed area lightly abraded with a sterile scalpel blade. Hundred microliter of standard inoculum size (1 9 10 6 cfu/ml) was applied on the shaved site and was gently rubbed with the flat part of a sterile blade [17] .
Experimental Design
Six experimental groups (A, B, C, D, E and F) were made containing five animals each. Animals of group B, C, D, E and F were immunosuppressed before inoculating with T. mentagrophytes, while animals of group A were inoculated without immunosuppression. Group A and B were remain untreated to see the lesion severity, time course of disease and considered as control groups.
The lesions were visually examined daily throughout the experiment to determine the severity and recovery of lesion. On seventh day of infection skin lesions were scored as follows: 0 (absence of lesion), 1 (appearance of erythema at infected site or new hair growth on the bald --E 1 free flavonoids, E 2 bound flavonoids, -inactive exposed area), 2 (moderate erythema spreading over entire infected site), 3 (intense erythema with abrasions, swelling and scaling), 4 (severely erythematous lesion with crusting spreading over the entire exposed area). The average lesion scores were calculated for each group by dividing the sum of the lesion scored by the number of animals in the group. Most active plant extract (bound flavonoids of roots of L. camara) in the study was selected for further animal studies by considering lowest MIC/MFC values against test dermatophyte. Ointment for topical treatment was prepared by mixing 50 and 100 mg of test extract in 10 g inert petroleum jelly to make 5 and 10 mg/g concentrations of test extract. Terbinafine (5 mg) was used as reference drug. On eighth day of infection all animals of group C, D and E were topically treated by applying 0.2 g of the reference drug (5 mg/g), test ointment 5 and 10 mg/g, respectively, once in a day at the infected site. Treatment continued until complete recovery was observed. To find out any effect of petroleum jelly on lesion, 0.2 g of petroleum jelly was applied once in a day at the infected site of the animals of group of F.
Infected site of each animal was carefully examined daily throughout the treatment period to determine % recovery of infected site and treatment scores were given to animals as follows: 0 (not cured), 1 (25% cured), 2 (50% cured), 3 (75% cured), 4 (100% cured). The average treatment scores for an experimental group were determined by dividing the treatment score by number of animals.
Fungal burden was calculated by culturing infected skin tissues. Five skin samples (skin scrapings, hair stubs) were collected on 15th day of infection (control group A and B) and 20th day of treatment (treated groups C, D and E) from the infected site of each animal of different groups. Each sample was cultured on SDA medium at 27 ± 2°C for 7 days and samples showed fungal growth were considered as culture positive. Fungal burden was assessed with scores ranging from 0 to 5 based on the number of culture positive skin samples of each animal. The average fungal burden of a group was determined by dividing the sum of the burden scores by number of animals [18] .
Results
In Vitro Antifungal Activity
It is evident from the results obtained ( Table 1 ) that out of 22 extracts of different parts of selected three plants viz. C. decidua, L. camara and T. procumbens, seven extracts showed their antidermatophytic activity against test dermatophyte (T. mentagrophytes). Four extracts were found to be fungicidal where same values of MIC and MFC were recorded; while three extracts were recorded as fungistatic (MFC values were higher than their MIC values).
For animal studies most active plant extract (bound flavonoids from roots of L. camara with the lowest MIC and MFC values 0.078 mg/ml) was selected.
Induction of Dermatophytic Infection on Mice
The severity of skin lesions in all groups of animals was assessed everyday after inoculation of test dermatophyte. Time course of changes in mean lesion score is shown in Fig. 1 . Infection of mice model resulted lesion in 100% of the animals. First signs of infection were observed on second and third day of inoculation and lesion reached at its maximum at the infected site on eighth and 10th day of inoculation in all animals of group B (immunosuppressed infected animal group) and A (infected animal group without immunosuppression), respectively. Lesion scores started decreasing as a result of spontaneous healing after 20 and 25 days of inoculation, whereas complete spontaneous recovery was observed on 26th and 32nd day of inoculation in group A and B, respectively. Disease recurrence was recorded in 40% animals of both the groups during the observational period of 6 months.
Treatment of Induced Dermatophytosis on Mice by Test Compound
Recovery of skin lesions of animals of treated groups (C, D and E) was assessed by giving them treatment scores depending upon % resolution of infected site (Fig. 2) . First signs of recovery was seen on second day of treatment in animals of group C (group treated with terbinafine 5 mg/g ointment), and E (test extract ointment 10 mg/g), while group D (test extract ointment 5 mg/g) showed recovery signs on third day of treatment. On 12th day of treatment 100% animals of group C and E were completely cured and new hairs were observed on the bald exposed area of infected site. In case of group D 100% recovery (i.e. treatment score 4) of dermatophytic infection was observed on 16th day of treatment in all animals of the group. Course of infection in animals of group F (treated with petroleum jelly) was found similar as in untreated groups (A and B) and lesion became more severe with time indicating ineffectiveness of petroleum jelly.
Skin irritation was observed in 50% animals of the group treated with terbinafine whereas such side effects were not observed in both the concentrations (5 and 10 mg/ g) of test ointment. During observational period of 6 months, 20% animals of 'standard drug treated group' showed disease recurrence even after complete recovery from the infection, whereas no such recurrence was observed in test extract treated groups (D and E).
The fungal burden (FB) of infected loci in animals of untreated groups (A and B) and group F (treated with petroleum jelly) was recorded relatively high, i.e., 3.2 ± 0.49, 3.6 ± 0.04 and 3.90 ± 0.20, respectively. Fungal burden was calculated 0 for group C, D and E on 20th day of treatment, thus proved complete eradication of the fungal mycelia/conidia from the infected loci (Table 2) .
Discussion
The clinical course of T. mentagrophytes infection in mice model was in agreement to other studies [15] . Present study shows that immunosuppression is not essentially required for inducing dermatophytic infection like other studies [17] as infection could also induced without immunosuppressing experimental animals but skin/epidermal abrasion was required for establishing infection. Recurrence and relapse incidences are very common with dermatophytic infections [19] in the animals of control groups (A and B) were observed even after complete spontaneous recovery.
For comparing potency of test drug terbinafine was taken as reference drug because it is highly active, very popular antidermatophytic agent and frequently prescribed by dermatologists to the patients of dermatophytosis. It is worth mentioning that efficacy of 10 mg/g concentration of test ointment was found to be same as that of reference drug with 5 mg/g concentration whereas, significant results were also obtained for 5 mg/g concentration of test ointment.
Animals experimentally infected with T. mentagrophytes had been used as models of dermatophytosis to assess disease severity and therapeutic effects of drugs [20, Fig. 1 Time course changes in skin lesion severity. 0 (absence of lesion), 1 (appearance of erythema at infected site or new hair growth on the bald exposed area), 2 (moderate erythema spreading over entire infected site), 3 (intense erythema with abrasions, swelling and scaling), 4 (severely erythematous lesion with crusting spreading over the entire exposed area) Fig. 2 Treatment scores of animal groups topically treated by standard and test ointments. 0 (not cured), 1 (25% cured), 2 (50% cured), 3 (75% cured), 4 (100% cured) . Synthetic antimycotic agents are being frequently investigated to evaluate therapeutic efficacy in animal models [22, 23] but systematic studies dealing with herbal products to find out their therapeutic potential to cure dermatological infections are still lacking. Few reports are available which evaluated pre-clinical antidermatophytic potential of ointments from natural products [12, 24] . Test extract was obtained from L. camara which is a notorious and poisonous weed [25] imposing serious threat to native vegetation and biodiversity [26] . Though L. camara has been screened for its antimicrobial activities [27] [28] [29] but work with dermatophytes has not been done as yet. It is the first study which evaluates in vitro as well as in vivo (mice model) antidermatophytic potency of L. camara.
Findings of the present work are indicative of the therapeutic activity of bound flavonoids of roots of L. camara suggesting its uses as raw material by pharmaceutical industries for development of antidermatophytic drug in the prevailing conditions where dermatophytes are becoming resistant against popular antifungals [30, 31] . Present study offers a high possibility of complete cure of dermatophytosis and/or ability to maintain its effect for long duration. Thus test extract is viewed as a promising and excellent topical antifungal agent which can be explored for future promising drug against notorious dermatophytes.
